Neuron-derived orphan receptor (NOR-1) was cloned from cultured embryonal neurons undergoing apoptotic cell death. NOR-1 is related to the nuclear orphan receptors, NGFI-B and NURR1, which interact with the retinoic acid receptor, RXR. NGFI-B and NURR1 are immediate early genes in the ischemic brain, suggesting a role in repair or cell death. Very recently, NGFI-B/TR3 was found to exert a pro-apoptotic effect through mitochondrial targeting and cytochrome release leading to apoptosis (1). Such dual role of NGFI-B (and related orphans) in nuclear and mitochondrial function could be important for neuronal damage in brain ischemia (stroke). We evaluated novel gene expression (mRNA levels) of nuclear orphan receptors after short brain ischemia. This model allows to correlate changes in gene and protein expression with pathological outcome, i.e. selective vulnerability occurs in CA1 neurons of the hippocampus while the adjacent CA3 cells and the dentate granule cells survive.
INTRODUCTION.
Neuron-derived orphan receptor (NOR-1) was cloned from cultured embryonal neurons undergoing apoptotic cell death. NOR-1 is related to the nuclear orphan receptors, NGFI-B and NURR1, which interact with the retinoic acid receptor, RXR. NGFI-B and NURR1 are immediate early genes in the ischemic brain, suggesting a role in repair or cell death. Very recently, NGFI-B/TR3 was found to exert a pro-apoptotic effect through mitochondrial targeting and cytochrome release leading to apoptosis (1) . Such dual role of NGFI-B (and related orphans) in nuclear and mitochondrial function could be important for neuronal damage in brain ischemia (stroke). We evaluated novel gene expression (mRNA levels) of nuclear orphan receptors after short brain ischemia. This model allows to correlate changes in gene and protein expression with pathological outcome, i.e. selective vulnerability occurs in CA1 neurons of the hippocampus while the adjacent CA3 cells and the dentate granule cells survive.
METHOD.
Anesthetized rats were subjected to 10 min of four-vessel occlusion and survived for 1, 3, 6, 12 h, and 1, 3 and 7 d (n=3-4 per group); sham controls were prepared in parallel (2) . In situ hybridization for NOR-1, NGFI-B and NURR1 mRNAs was carried out using specific antisense oligonucleotides. Emulsion-coated sections were prepared and examined under a low-power dark-field condensor. TUNEL labeling served to visualize DNA fragmentation (2) .
RESULTS.
In control brains, NOR-1, NGFI-B and NURR1 mRNAs were found in CA1 neurons, and NOR-1 and NGFI-B mRNAs in CA3 neurons. Dentate granule cells were entirely negative for all three mRNAs. After ischemia, intense upregulation of NOR-1, NGFI-B and NURR1 mRNAs was seen in the dentate gyrus by 1 h, which then declined by 3 to 6 h. Neurons in CA1 to CA3 showed moderate elevations for NOR-1, NGFI-B and NURR1 mRNAs at 1 to 3 h, but not a later time points. NGFI-B was elevated in cortical cells by 1 to 3 h. Labeling also occurred with a vascular pattern in the cortex indicating expression in endothelial cells. Ischemic cell death occurred in medial CA1 by three days, as indicated by TUNEL labeling; no damage was observed in CA3 or granule cells.
DISCUSSION.
Nuclear orphan receptors, NOR-1, NGFI-B and NURR1, were rapidly upregulated after short global brain ischemia, indicating a role as immediate early genes. Upregulation occurred in granule cells but much less in CA1 and CA3 regions. Granule cells are resistant to ischemic cell damage, suggesting that the upregulation of the pro-apoptotic NGFI-B and related nuclear orphan receptors is not detrimental. However, granule cells can show apoptotic changes after withdrawal of adrenal steroids, suggesting that these cells are "at risk". Concomitant upregulation of BDNF and NGF mRNA could provide a protective mechanism for granule cells. Moderate regulation in both vulnerable CA1 and resistant CA3 neurons indicates that novel expression of nuclear orphan receptors does not play a role in ischemic injury. Constitutively expressed NGFI-B, NURR1 and NOR-1 could still participate in the cell death of CA1 neurons, e.g. by a modulation of retinoic acid signaling through interaction of orphan receptors with the retinoic acid receptor RXR.
